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FLUID TESTING SENSOR HAVING VENTS 
FOR DIRECTING FLUID FLOW 

Field OF THE Invention 

The present inventioD relates generally to sensois for fluid analysis and more 
particularly is directed to sensors having vents placed for controlling fluid location 
within a capillary cavity. 

Backgroijnd of the Invention 

Sensors are useful for measuring analytes in many applications, including 
clinical, environmental, and process monitoring. In many of these applications, it is 
desirable to perform the measurement using a small liquid sample volume. Correct 
positioning of the sample aliquot over die transducer element or reactive area of the 
sensor is crucial to obtaining an accurate result 

For example, sensors for electrochemical fluid analysis applications (such as 
blood glucose testing) rely on proper fluid placement over electrodes, or "active" 
portions of the sensors. Fluid location is also important in an optically based sensor. 
If the fluid sample is not located within the light path, the system may yield an 
inaccurate result Fluid placement within a sensor (for example, within a capillary 
cavity) thus becomes an important factor in achieving accurate measurements. 

Many factors affect fluid placement within a sensor. For example, capillary 
geometry, internal capillary surface wettability, sample size, and composition all 
affect fluid placement The impact of vent shape and location has been overlooked, as 
it pertains to fluid placement within a capillary-fill sensor. There is a need for fluid 
analysis sensors wherein the location and shape of vents are designed to effect proper 
fluid placement and tiiereby minimize required sample volume and increase accuracy 
of readings. 
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Summary of the Invention 

Sensors for fluid analysis are provided with one or more vents with various 
geometric shapes for directing fluid flow. Capfllaiy action forces fluid into or through 
a fluid analysis sensor, and vent edges direct and control the flow of fluid through the 
S sensor. 

According to some embodiments of the invention, vent edges direct sample 
fluid to cover prefened portions of electrodes within a sensor. 

Vent edges according to another embodiment of the invention are used to 
direct fluid along a tortuous path in a sensor. 
10 According to another embodiment of the present invention, vents are used to 

control die timing of fluid flow through a sensor. Vents may further be used to 
control &e timing of fluid contact with reagents. 

The above summary of tibe present invention is not intended to represent each 
embodiment, or evexy aspect, of the present invention. Additional features and 
IS benefits of the present invention will become apparent from the detailed description, 
figures, and claims set forth below. 

Brief DESCRimoN of the Drawings 

FIG. 1 is an e^qiloded view of a fluid analysis sensor according to one 
20 embodiment of the present invention. 

FIG. 2 is a front view of a fluid analysis sensor. 

FIG. 3 is a front view of the fluid analysis sensor of FIG. 2 containing sample 
fluid within a sensor test cavity. 

FIGS. 4a-4c are time elapse drawings showing the flow of sample fluid in a 

25 sensor. 

FIGS. Sa-Sd are time elapse drawings showing the flow of sample fluid in 
another sensor. 

FIGS. 6a-6f are tune elapse drawings showing the flow of sample fluid in yet 
another sensor. 

30 While the invention is susceptible to various modifications and alternative 

forms, specific embodiments are shown by way of example in the drawings and are 
described in detail herein. It should be imderstood, however, that the invention is not 
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intended to be limited to fhe particular forms disclosed Rafter, fee invention is to 
cover all modifications, equivalents and alternatives falling within tiie spirit and scope 
of the invention as defined by the appended claims. 



S Description op Illustrated Embodiments 

Sensors according to the present invention utilize vents to direct sample fhiid 
toward desired testing locations, such as reagent areas and electrodes. Turning now to 
FIG. 1, a sensor 10 is shown in an exploded view. The sensor 10 comprises a base 
layer 12 for supporting sensor elements, an electrode layer 14, and a cover layer 16. 

10 The electrode layer 14 comprises first and second electrodes 18 and 20, both of which 
must make contact with a fluid sample to perform a test, such as blood glucose 
analysis, on the fluid sample. The electrodes 18 and 20 are contiguous with electrode 
assemblies 19 and 21 that make electrical contact with leads 23, allowing use of the 
sensor 10 in an electrochemical analysis device. The first and second electrodes 18 

IS and 20 may also be termed, respectively, Vorldng** and "counter" electrodes. 

The second electrode assembly 21 is shown with a sub-electrode 20a that 
assists in detection of "underfill" situations when less than a required amount of 
sample fluid is inserted into the sensor 10. When the sensor 10 is underfilled with 
sample fluid, only a small amount of current will flow between the sub-electrode 20a 
20 and the first electrode 18, allowing for an alert to &e user that the sensor 10 is 
underfilled. 

The cover layer 16 overlays the electrode layer 14 and includes a fluid inlet 
area 22 into which fluid flows. The cover layer 16 finiher comprises a projection area 
24 forming a sample cavity (shown in FIGS. 2 and 3, below) when the sensor 10 is 

25 assembled. First and second vents 26 are provided within the cover layer 16 for 
drawing fluid into &e sample cavity via capillary action and further for guiding the 
placement of fluid within the sample cavity, as shown in greater detail in FIGS. 2 and 
3. A dielectric layer 28 between the electrode layer 14 and the cover layer 16 
surrounds a sample contact area 30 and assures that sample fluid does not make 

30 electrical contact with electrode leads 32 because contact witii these leads 32 would 
result in inaccurate readings. 



wo 2005/078436 PCT/US2005/003624 

4 

A reagent 34 is placed between the dielectric layer 28 and the cover layer 16 
and contains chemicals ttiat interact with sample fluid to produce desired 
electrochemical properties for analysis of the sample. 

Turning now to FIG. 2, a front view of the sensor 10 of FIG. 1 focuses on a 
sample cavity 36 formed by the projection area 24 of the cover layer 16. The sample 
cavity 36 is designed to hold fluid for testing such diat fluid contacts both the first 
electrode 18 and the second elecffode 20 of the electrode layer 14. In practice, sample 
fluid enters the sample cavity 36 throu^ the fluid inlet area 22 and is drawn into the 
sample cavity 36 via capillary action enabled by the vents 26. Sample fluid is held in 
contact with the first and second electrodes 18 and 20 and electrochemical testing, 
such as blood glucose testing, may be performed on the fluid sample. 

The outer edges 38 and 40 of the electrodes 18 and 20 are covered by a 
dielectric layer as in FIG. 1, item number 28, and thus these edges are 
elcctrochemically inert (For ease of illustration, flie dielectric layer is not shown in 
FIG. 2.) It is desirable to direct sample fluid toward the center, active portions of the 
electrodes 18 and 20. 

FIG. 3 shows a sensor 10 in the isometric view of FIG. 2 with sample fluid 42 
widiin the sample cavity 36. Sample guide edges 44 of the vents 26 guide the sample 
fluid 42 away from the outer edges 38 and 40 of fee counter electrode 20 and toward 
the middle of the electrode where optimum electrical contact between the sample fluid 
42 and the electrodes 18 and 20 can be made. As shown m FIG. 3, a leading edge 46 
of the sample fluid 42 has been guided between the vents 26 to make sufiBcient 
contact with the second electrode 20 to result in an accurate reading from the sensor 
10. 

Sensors employing vents according to the present invention may be used in a 
variety of embodiments to improve fluid testing applications. FIGS. 4a-c are time- 
elapse images of a sensor 48 employing vents 50 to create a bottleneck or "pinch 
point" for sample fluid 42 as it flows through the sensor 48. As shown in FIG. 4a, the 
sample fluid 42 is first drawn into the sensor 48 via capillary action and restrained 
between spacer edges 52 beneath a cover layer 16. The leading edge 46 of the sample 
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fluid 42 has followed sample guide edges 44 of tiie vents 50 into a bottleneck region 
54. Though the vents 50 are squaxe-shaped, they are angled such that die spacer 
edges 52 intersect opposing vertices of the vents 50, and the profiles of the vents 50 as 
presented to the sample fluid 42 ate opposing right isosceles triangles. The sample 
5 fluid 42 is sho>vn in FIG. 4a at a point just short of contacting the second electrode 20. 

Turning now to FIG. 4b, the sensor 48 of FIG. 4a is shown at a later time. The 
leading edge 46 of the sample fluid 42 has progressed beyond the bottleneck region 
54 of the sensor 48 and now a portion of the sample fluid 42 contacts a central area of 
the second electrode 20. The leading edge 46 continues past the bottleneck region 54 

10 as time progresses, as shown in FIG. 4c, resulting in even more complete coverage of 
the second electrode 20 by the sample fluid 42. Vents having sample guide edges that 
result in a bottleneck region are useful for precise guiding of sample fluid within a 
sensor and for more precise timing control as fluid passes tfuDugh the sensor, due to 
the slowing of the fluid by the bottleneck region. According to one embodnnent, the 

15 progression shown in FIGS. 4a-c takes place over approximately fliree seconds, 
whereas without the bottleneck the progression would take less than 0.3 seconds. 

Vents according to flie present invention may be placed to cause sample fluid 
to flow along specific pathways and to delay fluid flow through a sensor. Such 
applications are useful to improve mixing between sample fluid and a reagent, and to 

20 more precisely control tiie timing of fluid flow through a sensor. FIGS. 5a-Sd are 
time-elapse images of a sensor 56 having two vents 58 placed in staggered positions 
to create a tortuous path for sample fluid 42 to follow. FIG. 5a shows sample fluid 42 
entering ttie sensor 56 and being led along a fluid pathway 60 by sanq>le guide edges 
44 of the vents 58. In FIG. 5a, flie sample fluid 42 recently entered the sensor 56 and 

25 has been guided across a first electrode 18 by the sample guide edges 44 of a first vent 
58a. The leading edge 46 of die sample fluid 42 is between the first electrode 1 8 and 
the second electrode 20. 

Later, as shown in FIG. Sb, the leading edge 46 of flie sample fluid 42 has 
been guided around a second vent 58b by the sample guide edges 44 of the second 
30 vent 58b, and the sample fluid 42 is now making contact mOi the second electrode 20. 
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The sample fluid 42 continues to flow tbrougb the sensor S6 as shown in FIGS. Sc 
and Sd, with tiie leading edge 46 conthming to foQow the fluid pathway 60 as it 
progresses through the sensor 56. 

Tortuous pathways such as the one shown in FIGS. 5a-Sd result b additional 
mixing between sample fluid 42 and reagent 34 widiin the sensor 56 due to increased 
turbulence resulting from the turns of the sample fluid 42 along the fluid pathway 60. 
Furfter, significant time delays can result from the use of a tortuous fluid padiway 60. 
For example, a sensor 56 as shown FIGS. 5a-5d according to some embodiments 
allows for delays of one to five seconds between initial insertion of fluid into the 
sensor and complete progression of the sample fluid along the fluid padiway. The 
timing of fluid flow along the fluid pathway may be changed by narrowing or 
widening the pathway or by making the fluid pathway longer or shorter, for example 
by employing different sizes of vents 58 in different locations defining the fluid 
pathway. 

Controlled timing of fluid flow through a sensor is beneficial when more than 
one reagent is used, with different reagents having different optimum reaction times 
with the sample fluid. Multiple reagents may be used in certain optical and 
electrochemical testing applications. Turning now to FIGS. 6a-f, a sensor 62 having 
first and second vents 64a and 64b to control timing of fluid flow along a fluid 
pathway 60 is illustrated in time-elapse images. FIG. 6a shows the sensor 62 before 
sample fluid has been mtroduced mto the sensor 62. FIG. 6b shows sample fluid 42 
being introduced into the sensor 62. The leading edge 46 of the sample fluid 42 is 
guided by sample guide edges 44 along the fluid pathway 60 around the first vent 64a. 
In FIG. 6c, flxe leading edge 46 of the sample fluid 42 has progressed past the first 
vent 64a and is being guided by the sample guide edges 44 of the second vent 64b. 

Turning now to FIG. 6d, the sample fluid 42 has filled in the fluid pathway 60 
and is now bounded by the outer pathway edges (which in FIGS. 6a-6f are spacer 
edges 52) and the sample guide edges 44 of the vents 64a and 64b. Next, as shown in 
FIG. 6e, the sample fluid 42 fills in the volinne beneath the first vent 64a. Finally, as 
shown in FIG. 6f, the sample fluid 42 fills in flie volume beneath the second vent 64b. 
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If reagent is supplied in two reagent areas 66a and 66b (as shown in FIG. 6d), the 
process shown in FIGS. 6a-6f may be used to control die timing of contact of the 
sample fluid 42 with each of the reagents. 

The timing of sample fluid flow as shown in FIGS. 6a-6f is beneficial in 
5 applications such as blood and urine testing in which many analytes having different 
optimum reaction times may be used. For example, if a first reagent is placed in the 
first reagent area 66a and a second reagent is placed in die second reagent area 66b, 
the sample fluid 42 will begin to react with the first reagent before it reacts with the 
second reagent because the area of the first vent 64a is filled more quickly with 

10 sample fluid than is the area of the second vent 64b. As in the embodiments of FIGS. 

4a-4c and Sa-Sd, the length and width of the fluid pathway and the sizes and shapes of 
the vents may be changed to result in desired timing. According to some 
embodiments, timing delays of two to five seconds between contacts with reagent 
areas may be achieved by using the embodiment of FIGS. 6a-6f Even longer delays 

IS can be envisioned by manipulating the surface properties^ such as wettability, of the 
reagents. 

The utility of such a delay nndght also be implemented in a scheme whereby 
the product of the first reagent zone diffuses to a second reagent zone and serves as a 
substrate for a second reaction. Because of the tuning delay, the concentrations of 
20 both reaction products can be determined 

Another use of the embodiment of FIG. 6 would enable reading multiple 
reagent zones simultaneously by use of corresponding multiple signal transduction 
elements, including ligjit beams and electrodes. In this embodiment, the differential 
wet-up time provides varying reaction times when all signal transducers are read 
25 simultaneously. 

While the invention is susceptible to various modifications and alternative 
forms, specific embodiments tiiereof have been shown by way of example m the 
drawings and are described in detail herein. It should be understood, however, that it 
is not intended to limit the invention to die particular fonns disclosed, but, to the 
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contrary, the intention is to cover all modifications, equivalents and alternatives 
falling within the spirit and scope of the invention as defined by fbe appended claims. 
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1 . A sensor for analysis of a fluid sample conq>rising: 
a sample cavity for accepting sample fluid; 

at least one test region disposed along said sample cavitj^ and 
S at least one vent for venting said sample cavity, said at least one vent having at 

least one sample guide edge for guiding said sample fluid to said at least one test 
region. 

2. Ibe sensor of claim 1 having a plurality of vents having aligned 
sample guide edges for guiding said sample fluid toward said test region. 

10 3. The sensor of claim 2 wherein two vents are square-shaped and 

wherein said test region is located between sample guide edges provided on separate 
zones of said two vents. 

4. The sensor of claim 1 wherein said at least one vent comprises two 
staggered vents spaced from each other to fomi a fluid pathway witiiin said sample 

15 cavity. 

5. The sensor of claim 4 wherein said fluid pathway is a tortuous fluid 
pathway having at least one turn along which said sample fluid flows. 

6. The sensor of claim S fiir&er comprising a reagent layer in 
commimication wifli said sample cavity. 

20 7. The sensor of claim 1 wherein said at least one vent comprises two 

vents being placed proximate to each other to form a bottleneck region for controlling 

a flow of said sanq)le fluid. 

8. The sensor of claim 1 wherein said at least one test region is selected 

from the group consisting of an electrode and a reagent area. 
25 9. The sensor of claim 1 wherein said at least one test region comprises 

two electrodes. 

10. The sensor of claim 9 furdier comprising a dielectric material covering 
edges of said two electrodes 

11. A method for collecting sample fluid and positioning sample fluid in a 
30 test sensor for analysis of said sample fluid comprising: 

accepting said sample fluid within a sample cavity via capiUary action; and 
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diiectiiig said sample fluid through said sample cavity toward at least one test 
region of said sensor using at least one sample guide edge provided on at least one 
vent venting said sample cavity. 

12. The method of claim 1 1 wherein accepting said sample fluid comprises 
5 accepting said sample fluid at a fluid inlet area, 

1 3 . The method of claim 1 1 wherein said at least one test region is selected 
from the group consisting of an electrode and a reagent area. 

14. The method of claim 1 1 wherein said at least one test region comprises 
two electrodes. 

10 15. The method of claim 11 wherein said at least one vent comprises two 

vents. 

1 6. The method of claim 1 5 wherein said two vents are placed at staggered 
positions within along said sample cavity and further comprising directing said 
sample fluid along a fluid pathway. 
15 17. The method of claim 16 wherein said test sensor is provided with a 

reagent disposed along said sample cavity, wherein said fluid pathway is tortuous, and 
further comprising mixing said test fluid with said reagent as said sample fluid is 
directed along said fluid pathway. 

18. A sensor for analysis of a fluid sample comprising: 
a sample cavity for acceptmg sample fluid, said sample cavity having an fluid 

inlet; 

first and second vents within said sample cavity, said first and second vents 
having respective first and second vent edges and being disposed along a fluid 
pathway of said sample cavity such that said first vent is closer to said fluid inlet than 
said second vent is; 

a first reagent area disposed along said sample cavity beneath said first vent; 

and 

a second reagent area disposed along said sample cavity beneath said second 

vent. 

19. The sensor of claim 18 wherein said first and second vents are spaced 
along said fluid pathway such that sample fluid entering said fluid inlet contacts said 
first and second vent ed^ in succession. 
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20. The sensor of claim 18 wherein said fiist reagent is adapted to react 
with said sample fluid for a first optimum reaction time and said second reagent is 
adapted to react wifli said sample fluid for a second optimum reaction time, said 
second optimum reaction time being less than said first optimum reaction time. 
S 21. ThesensorofclaimlSfUrthercomprisingadditional vents having vent 

edges and being disposed along said fluid pathway. 

22. The sensor of claim 21 further comprising additional reagent areas 
disposed along said sample cavities respectively beneath said additional vents. 

10 23. A method for analyzing a fluid sample comprising: 

accepting said sample fluid within a sample cavity via capillary action, said 
sample cavity having a fluid inlet and first and second vents disposed along a fluid 
pathway, said sample cavity further having a first reagent disposed beneath said first 
vent and a second reagent disposed beneath said second vent, said first and second 
1 5 vents having first and second vent edges; 

guiding said fluid sample along said fluid pathway via capillary action such 
that said fluid passes said first vent before passing said second vent; and 

filling said sample cavity such that said sample fluid first fills a first volume 
beneath said first vent and later fills a second volume beneath said second vent 
20 24. The method of claim 23 wherein a time delay between the time at 

which said sample fluid fills said first volume beneath said first vent and the time at 
which said sample fluid fills said second volume beneath said second vent is greater 
than about three seconds. 

25. A sensor for analysis of a fluid sample comprising: 
25 a base layer, 

an electrode layer supported by said base layer, said electrode having a first 
electrode and a second electrode, said first and second electrodes respectfully 
extending fi-om first and second electrode leads and having central portions; 

a cover layer disposed above said electrode layer, said cover layer having a 
30 projection defining a sample cavity; 

a fluid inlet area in fluid communication with said sample cavity; and 
first and second vents, said first vent having a first guide edge and said second 
vent having a second guide edge opposing said first guide edge, said first and second 
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guide edges opposing each other above at least one of said central portions of said 
first and second electrodes. 

26. The sensor of claim 25 wherein said electrodes have central portions, 
an intermediate area between said first and second opposing guide edges being 

5 disposed above one of said central portions of said electrodes. 

27. A sensor for analysis of a fluid sample comprising: 

a sample cavity having a fluid miet area, said sample cavity adapted for being 
filled via capillary action and having a vent, said vent having at least one sample 
guide edge for guiding fluid under capillary action within said sample cavity during 
1 0 filling of said sample cavity. 
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